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Description 

BACKGROUND OF THE INVENTION 
5 I.Reldofthe Invention 

[0001 1 The present invention relates to a solid polymer electrolyte-catalyst composite eleclrocle, an electrode for a 
fuel cell and a process for producing ttiese electrodes. 

10 2. PescripBon of the Related Art 

[0002] As an electrochemical apparatus having an ion-exchange membrane as a solid electrolyte, for example, there 
ar a solid polymer type water electrolysis cell and a solid polymer type fuel cell, 

[0003] The solid polymer electrolyte type water electrolysis cell is an apparatus having an ion-exchange memkxane. 
IS for example, such as perf luorosulfonic add membrane as an electrolyte and an anode and a cattxxJe connected to the 
respective side of the ion-exchange membrane which supplies oxygen from the anode and hydrogen from the cathode 
when D.C. voHage is applied across the both electrode while the anode is being supplied with water. 
[0004] The electrochemical reactions which take place on the two electrodes will be described t>elow. 

20 Anode: HgO ^ 1/20^ + 2H^ + Ze' Cathode: 2H* + 2e- -> Total reaction: HzO-^Hz* I/2O2 

[0005] It can be seen in these reaction formulae that the anode reaction proceeds only on a three-phase interface 
which allows the reception of water as an active material and the delivery of oxygen as a product, proton (ht^) and elec- 
tron (e') at the same time while the cathode reaction proceeds only on a three-phase interface which allows the recep- 

25 tion of proton (K*') and electron (e~) and the delivery of hydrogen at the same time. 

[0006] On the other hand, tire solid polymer electrolyte type fuel cell is an apparatus having an ion-exchange mem- 
brane, for fficample, such as perf luorosulfonic add membrane as an electrolyte and an anode and a cathode connected 
to the respective side of the ion-exchange membrane which generates electricity due to electrochemical reaction devel- 
oped by the supply of hydrogen to tfie anode and oxygen to the calfKxi& 

30 [0007] Ihe ^ectrochemical reactions which taitt place on tiie two electrodes will be descrbed below. 
Anode: H2->2H^ + 2e" 

Cathode: I/2O2 -f 2hr -i- 2e -> HgO Total reaction: + 1/20^ HgO 

35 [0008] It can t>e seen in these reaction forrruilaetfiat the tx>th electrode reactions proceed only on a threei!^^ 

face which allows fbe reception of gas (fiydrogen or oxygen) and the defivery or reception of proton (H^ and electron 
( ~)attfiesametima 

[0009] An exanple of the electrode, used in the apparatus, having such a fimtion is a solid pol 

alyst composite electrode comprising a solid polymer electrolyte and catalyst particles^ The structure of tfiis electrode 

40 wHh a fuel cell as an example will t>e explained. 

[001 0] Fig. 1 2 is an explanation view sficwing the structure of this electrode. This electrode is a porous electrode com- 
prising catalyst partides 121 and a solid polymer electrolyte 122 three^iimensionally distributed in admixture arxj hav- 
ing a plurality of pores 123 formed thereinside. The catalyst particles form an electron-conductive channel, ttie solid 
electrolyte forms a proton-conductive channel, and tfie pore forms a channel for the supply and cfischarge of oxygen, 

45 fiydrogen or water as product The three channels are three<fnrierisioriallyc^^ 

faces wfiich allow tfie reception or delivery of gas, proton (HO arid eleclron(e~^ elec- 
trode, providing sites for electrode reactioa bicidenlaify, ref^ence numeral 124 represents an ion-exchange 
membrane. 

[001 1 ] The preparation of an electrode having such a structure has heretofore been accomplished by the following 
50 process. There is a process which comprises applying a paste made of catalyst partides arxJ a solution having PTFE 
partides (polytetrafluoro etfiylene) dispersed therein to a polymer film or a cart>on electrode sitetrate of an electro-con- 
ductive porous material to make a film (normally having a thickness of from 3 to 30 \ixn), heating and drying the film, 
and then applying a solid polymer electrolyte solution to the film so that the film is impregnated with the solution. Alter- 
natively, there is a process whfoh comprises applying a paste made of catalyst partides ttiereon, PTFE partides and a 
55 solid polymer electrolyte solution to a polymer film or a cartxxi electrode sut)6trate of an electro-conductive porous 
material to make a fOm (normally having a thickness of from 3 to 30 ^m). and then heating and drying the film. As the 
solid polymer electrolyte solution, tfiere is used a solution obtained by dissolving the same composition as the afore- 
mentioned fon-exchange membrane in an akx)hol. As ttie solution having PTTE partides dispersed ttierein. ther is 
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used a solution having PTFE particles having a particle diameter of dboxA 0.23 pm dispersed therein. 
[001 2] TTie solid polymer electrolyte-Gatalyst conrposlte electrode comprising metal particles of the platinum group or 
oxide particles of metal of the platinum group as a catalyst is used in a water electrolysis cell or a fuel cell. On the other 
hand, the solid polymer electrolyte-catalyst composite electrode comprising platinum groi4) metal SL|)ported on cartxMi 
5 asa catalyst is used in afuel cell. 

[0013] The aforementioned solid polymer electrolyte-catalyst composite electrode has the following two disadvan- 
tages. 

[0014] One of tiie two disadvantages is that the solid polymer electrolyte-catalyst conposite electrode has a high 
resistivity. The reason of this disadvantage is as follows. 

10 [001 5] When catalyst particles are mixed with solid polymer electrolyte solution to prepare a paste. The catalyst par- 
ticles are covered with solid polymer electrolyte film having no electronic conduction and a pore (void) 132 arxi a solid 
polymer electrolyte 133 exist between catalyst particles 131 even after film-making process to prepare an electrode. 
The formation of a continuous catalyst particle passage (electro-conductive channel) is inhil>ited. though forming a con- 
tinuous solid electrolyte pansage (proton-conductive channel), as shown in the sectional view of electrode of Rg. 13. 

IS [001 6] The other disadvantage is that if a solid polymer electrolyte-catalyst composite electrode comprising the plat- 
inum group metal supported on cartx>n as a catalyst is used in an electrode for a fuel cell. The resulting percent utiliza- 
tion of catalyst supported on cartxm is as lew as ak)Out 10% as reported in &lson A. Tichianlli, U Bectroanal. Chem". 
251,275(1998). 

[001 7] This is caused t>y tiie fact that the preparation process of supporting catalyst such as platinum on cartx>n par- 

20 tide, and then mixing the cartx>n particle with a solid polymer electrolyte. 

[001 8] In other words, the cartxxi particles as a support has a particle dianieter as small as 30 nm. Thus, the cartx>n 
particle to be mixed with the solid polymer electrolyte has an ag^egation of a few cartxxi particles that gives a cartxxi 
particle aggregate having a dense unevenness formed on the surface thereof. On the other hand, the solid electrolyte 
solution is viscous. Thus, regardless of which is used the process which comprises impregnating the layer having car- 

25 bon particles and PTFE particles dispersed therein with a solid polymer electrolyte solutbn or the process which com- 
prises the use of a paste obtained by mixing cartxxi particles, PTFE particles and a solid polymer electrolyte solution, 
the soSd polymer electrolyte solution cannot penetrate deep into the central portion of the cartxxi particle aggregate. 
As a result, it is impossUe to form a three-phase Interface in the deep portion of the cartxxi particle aggregate. Accord- 
ingly, the catalyst particles disposed in the deep portion of the cartxxi particle aggregate does not take part in the elec- 

30 trode reaction to thereby cause deaease of percent utilizatkxi of catalyst 

[0019] The structure of such an electrode is shown in Fig. 14. As shown in Rg. 14, cartx>n particles 143 having cat- 
alyst particles 141, 142 supported thereon are aggregated to fbrni a cartx>n particle aggregate (four of the carbon par- 
ticles are shown forming the aggregate). Thus, the solid polymer electrolyte 144 can noil penetrate into the central 
portion 145 of the indented portion. Accordingly, a catalyst particle 141 whteh is disposed at the surface of cartxxi in 

35 contact with the solid polymer electrolyte to effectively contrbute to the electrode reaction and a catalyst particle 142 
which does net come in contact witii the solki polyrner electrolyte and tfuis c^ 
reaction are formed in tfie catalyst partx^les. 

SUMMARY OF THE INVEhmON 

40 

[0020] It is an object of the present invention to decrease resistance of the electrode t)y adding the electro-conductive 
passage (electrcHxxiductivechanneO to the sdid polymer electrol^ inher- 
entiy. 

[0021] His another object ol the present invention is to improve the percent utai^^ 
45 a fuel cell improving the structure of micr o scopic threeiphase boundary of the electrode. 

[p022] A porous sdidpolyrnerelectiDlyte-catelystaxnpo site electrode according comprises: 
a solkl polyrner electrolyte; catalyst partktes; an eiectrc>condUctiw 
region in the solid polymer electrolyte. 

[0023] An electrode for a fuel cell, comprises a solid polymer electrolyte-catalyst composite electrode containing a 
so solid polymer electrolyte, cartx>n particles and a catalyst material; wherein the catalyst material is supported mainly on 
the surface of the cartx>n particles in contact with a proton-conductive passage in the solid polymer electrolyte. 
[0024] A process for the preparation of a solkJ polymer electrolyte^atalyst composite electrode, comprises the steps 
of: preparing a porous solid polymer electrolyte-catalyst composite electrode parent body comprising a solid polymer 
electrolyte and a catalyst particles; adsorbing a starting cata^ material compound into the so&d polymer electrolyte 
55 in the electrode parent body; and reducing the starting catalyst material compound so that tiie catalyst material is 
deposited into the solid polymer electrolyt inth electroda 

[0025] A process for the preparation of an electrode for a fuel cell, comprises the steps of: a first step, adsorbing a 
starting catalyst material compound into th solid polymer electrolyte in a mixture including solid polymer electrolyte 
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and cartx)n particle; and a second step, reducing ttie starting material catalyst material compound by chemical reduc- 
tion. In the process, the operation of the first and second steps Is repeated twice or more times. 

BRIgF DESCRIPTION OF THE DRAWINGS 

5 

[0026] In the accompanying drawings: 

Fig. 1 is a graph illustrating an hV characteristics of water electrolysis cells in Example 1 ; 

Rg. 2 is a graph Illustrating an l-V characteristics of water electrolysis cells in Exarrple 2; 
10 Rg. 3 is a sectional view illustrating the structure of Example Electrode A; 

Rg. 4 is a schematic diagram illustrating the structure of a water electrolysis cell in Example 2; 

Rg. 5 is a schematic diagram illustrating the structure of a titaruum plate shown In Rg. 4; 

Rg. 6 is a graph illustrating an l-V characteristic of fuel cells in Exarrple 3; 

Rg. 7 is a graph illustrating the l-V characteristics of fuel cells in Example 4; 
IS Rg. 8 is a sectional view illustrating the structure of Example Electrode E; 

Rg. 9 is a schematic diagram illustrating the structure of a fuel cell obtained in Exarrple 4; 

Rg. 10 IS a graph illustrating the l-V characteristics in Example 5; 

Rg. 11 is a conceptional diagram of the state of the surface layer of a cartx>n particle in contact with a solid polymer 
electrolyte in the electrode for a fuel cell according to the present invention; 
20 Rg. 12 is an explanation diagram showing the structure of a conventional electrode; 
Rg. 13 is a conceptional diagram of the structure of a conventional electrode; 
Rg. 14 Is a conceptional diagram of the structure of a conventional electrode; and 
Rg. 15 Is a conceptional diagram of the slate of the surface layer in a conventional electrode. 

25 DETAILED DESCRIPTION OF THE INVENTION 

[0027] Detailed description of the present invention will be de8Crik)ed as follows refening to the acconrpanying draw- 
ings. 

[0028] Rrstly, the solid polymer electrolyte-catalyst composite electrode according to the present Invention will t>e 
30 desaibed. The solid polymer electrolyte-catalyst composite electrode acoordng to fhe present invention contains a 
solid polymer electrolyte and catalyst particles incorporated therein as main components. The solid polymer electrolyte- 
catalyst composite electrode accorcfing to the present invention has catalyst particles three-dimensionally distributed in 
th solid polymer electrolyte compound therein. The solid polymer electrolyte-catalyst composite electrode according 
to the present invention has numerous paes provided therein. In this anrangement. an etectro-corvluctive material is 
35 supported into the ion-conductive region in the solid polymer electrolyta The solid polymer electrolyte-catalyst compos- 
ite electrode according to tfie present invention can be prepared. e.g.. by preparing a porous solid polymer elecbrolyte- 
calalyst conrposite electrode niain body contairvrig a solid potyn^ 

by tf^ foregoing conventional process, and then supporting an electro-corxluctive material on an ion-corxiuctive region 
presem h the solid polymer electrolyte in the electrode main body by a^ 

40 JP-B-58-47471 (The term "JP-B" as used herein means an "examined Japanese patent put)lication"), Raymond Uu, "J. 
Electrochem. Soc.". 139. 15 (1992)). Thus, the process in which an electrode main body is prepared and tfien an elec- 
tro-conductive material is supported on iorvconductive region in solid polymer electrolyte in the electrode main txxiy is 
simple and desirable In accordance with this process* an eiectn^oonductive material, too, can be supported on the 
inner surface of pores in the electroda Further, a layer made of an etedron-oonductive material can be formed on the 

45 surfaceof the electrode rriain body. The sqpportirig of an etectro-conductiveinat 
in the electrode rnakes it po6si)le to furtfieriiTprovettmetectricajnductivfty^ 
tion of the layer nriade of an electro-conductive material on the surface Gf the elecfr^ 
improve the current correcting or supplying characteristics to advantege. 

[0029] It is desirable that the solid polymer electrolyte formed of an Ion exchange resin. Of them, it is more desirable 
so tfiat a cation type ion exchange resin from which it is easy to produce the electrolyte having low resi^nce. Particularly, 
when it is used in a water electrolysis cell or a fuel cell, a proton type such as a pert luorosuHbnic acid type solid polymer 
electrolyte and a styrene-drvinyf benzene sulfonic add type solid polymer is more preferable. 
[0030] It is thought that if the solid polymer electrolyte is a pert luorosuHonic add type solid polymer electrolyte, tiie 
proton is oorxiucted through a cluster network, fbrmed by hydrisphilic ion-exchange functional group aggregated spher- 
55 ically with water (diameter: about 40 A) and connected by channel (length: atxHit 1 0 A), dispersed tiiree-dimensionally 
in hydrophotMC f luorocartx>n t)acktx)ne. For example, ionic conductivity of this solid polymer electrolyte, etc. have long 
been studied and ar further reported in S. C. Yeo and A. Eisenberg. "J. Apply. Pdym. Sd ", 21 . 875 (1 997), T. D. Gierk. 
Paper 483 presented at Th Electrochemical Sodely Meeting. Atlanta. Georgia. October 9-14. 1997. H. L Yeger and 



4 



EP0920065A1 



A. Steck. U Electrochem. Soc.", 128. 1880 (1981). Z. Ogumi and T. Kuroe, "J. Beclrochem. Soc,". 132. 2601 (1985). 
eta From this stancik>oint of view, the supporting of an electron-conductive material in the cluster network of solid poly- 
mer electrolyte in the soiki polymer electrolyt&<:atalyst composite electrod makes it possible to fomn a mlaosGopic 
and three-dimensional electro-conductive channel in the electrode that provkles the electrode with a drastically 

5 enhanced electronic conductivity. theret>y giving good results. 

[0031] As the lectro-conductive material, there can be used any of various materials such as metal, electro-conduc- 
tive metal oxkie and electro-conductive polymer compound. It is preferatile to use the platinum group metal such as Pt, 
Ir. Ru. Rh and Pd or metal oxide of the platinum group such as Ir02. Ir203. RuOg. RU2O3, RhOg. Rh203 and PdO. which 
have excellent chemical stability and act as a catalyst. The supporting of such an electron-conductive material can be 

10 accomplished, e.g.. by an impregnation-reduction method in which a metal bn as a starting material of an electroK»n- 
ductive material is adsort)ed into a solkl polymer electrolyte, IbllGwed reduction. In the case of usage of the platinum 
group metal as the electron-corxiuctive material, a platinum group metal k>n is adsort>ed into a solid polymer electrolyte 
in the electrode by ion-excharrge process and that ion is reduced by the lx>rohydride salt solutk>n, the amount of the 
platinum group metal supported in the duster-network of solid polymer electrolyte increases with increasing the con- 

15 centration of borohydride salt in the aqueous solution (see P. Millet, "J. Appl. Electrochem.", 25, 233 (1995)). In this 
case, by predetermining the concentration of the borohydride salt in the aqueous solution to not less ttian 2x10'^ moUt, 
the majority of platinum group metal can be deposited in the cluster network, making n possible to more effectively con- 
trik3ute to the enhancement of microscopk; electric conduction of the electrode. If an electro-conductive material is 
mainly supported on the ion-conductive region in the solid polymer electrolyte, use of hydrogen gas as the reducer for 

20 platinum group metal ion is preferat)la The use of this process makes it possible to treat the solid polymer electrolyte- 
catalyst composite electrode parent body in dried state and hence inhibit the migration of adsort>ed ion during reductk)n 
process. Accordingly, the electron-conductive material can be sijpported in uniformly all over the k>n-conductiv8 region. 
In particular, this process is suitable for the use of pert luorosulfonk; acU type solid polymer electrdyta 
[0032] Examples of the catalyst particle to be incorporated in the electrode include cartxm particle, metal particle of 

25 the platinum group metal such as palladium, platinum and ruthenium, metal oxide particle of the platinum group, arxj a 
catalyst element supported on cartx>n. If necessary, a sut)sidiary component such as polytetraftuoroetfiylene (PTFE) 
particle may be added with catalyst 

[POSq In the case of using a catalyst element supported on csabm particle as the catalyst particle, carbon particle 
on which catalyst material is prevfously supported can be used. Altematively. after forming an electrode parent body 
30 including carbon particle, the catalyst material is supported on the surface of the cartx>n particle simultaneously witti 
when an electro-conductive material containing that catalyst material is sipported at the k>n-conductive passage in the 
solid polymer electrolyte. 

[0034] For examplei by these methods, it can be accomplished that the electrode contains the catalyst supported on 
cartx>n and electro-conductive material, including that catalyst, supported at ion-conductive passage in the solid poly- 

35 mer electrolyta Accordingly, it is possit)le to obtain an el ectrode which the electric corxiuctivity is high and the utilization 
efficiency of tiie catalyst is high because the catalyst material is supported at a portion which contacts with the k>n con- 
ductive passage on the surface of cartxxi partida Therefore, the electrode having such a configuration is preferak)le. 
[0035] TTie soW polymer electrolytacatalyst composite electrode acoorcfing to tfte present onvention can t>e used in 
a soda electrolysis cell, water electrolysis cell, fuel cell, eta If it is used in a water electrolysis cell, the solid polymer 

40 electrolyte-catalyst composite electrode according to the present invention has an current correction in contact with the 
surface thereof. For example, electrodes of the present invention are connected to the bdfh sides of an ion-exchange 
membrane as solid polymer electrolyte membrana The current coltectofs are then provided in contact with the surface 
oftfieelectroda In this carie; as oirrenft collectors to be used there may t>e used a material which is pa 
to irihbit the supply of reactive nrialerial such as porous sintered tRar 

45 tofore t>een used, foparticular.thosehavirigaporediafneterof not less than 100 ^m are desarat)la 
tor is preferably flat on the surface thereof tn contact with the surface of the electrode to 

into ion-excfiange membrane due to its unevenrtesa The material ol the current coliector is preferably titanium, stain- 
less steel or titanium plated with platinum or gokJ, or the like. 

[0036] If the solfo polymer electrolyte-catalyst composite electrode according to the present invention is used in a fuel 
so cell, the electrode of the present invention similarly is made of a current collector forming a gas diffusion layer provided 
in contact with the surface thereof. For example, the electrodes of the present invention are connected to the both skies 
of an ion-exchange membrane as sdkJ polymer electrolyte memtxane. The current collectors are then provided in con- 
tact witii the surface of the electrode. In this case, toa as ttie collector to be used there may be used a material which 
is porous enough not to inhbit the supply off reactive material such as porous sintered titanium and porous sintered car- 
55 bon which have heretofore been used. In particular, those having a pore diameter of not less than 1 00 jun are desirat)le. 
The current collector is preferat>ly flat on the surface thereof in contact with the surface of the electrode to inhibit th 
formation of pinholes into the fon-exctiange membrane due to its unevennesa TTie material of the current ooHector is 
preferably titanium, slainless steel, cartxxi or titanium plated with platinum or goM, or the like. 
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[0037] Next, the description will be made on an electrode of ttte akx>ve described solid polymer electrolyte-catalyst 
composite electrode, containing an element of platinum group supported on carboa The electrode having this structure 
is particularly preferable for an electrode of the fuel cell. 

[0038] A mixture of a compound cons^ng of starting material of catalyst which undergoes reduction to produce a 
5 catalyst material, a solid polymer electrolyte and carbon particles is prepared. By a process for tiie chenrtical reduction 
of the compound consisting of starting material of catalyst In the mixture, it is possible to produce an electrode having 
a catalyst material supported mainly on the surtace of carbon particle in contact with a solid polymer electrolyte (i-e., 
mainly composed of catalyst particle 141 as shown in Fig. 14). Accordingly, it is possible to enhance the percent of uti- 
lization of catalyst. 

10 [0039] However, it is not enough for enhancement of the percent utilization of catalyst that studying lor three^Jimen- 
sionally dispersion of catalyst supported on caitx)n and solid polymer electrolyte in the electrode from a microscopic 
structural point of view. 

[0040] In ottier words, as reported in H. L Yeager et al.. "J. Electrochem. Soc.", 128. 1880, (1981) and Ogumi et al., 
"J. Electrochem. Soc.", 132, 2601 , (1985), a gas (hydrogen or oxygen) as a reaction active material and water as prod- 

15 uct at cathode, not to mention proton, are transported through a proton-conductive passage called cluster consisting of 
a hydrophilic ion-exchange functional group aggregated witti water in a solid polymer electrolyte. Accordingly, the 
hydrophobic matrix which consists of a teflon background can not form a transportat>le passage of gas. water and pro- 
ton. Thus, the inventors considered that the three^ase interface on which the reaction of electrode for a fuel celt pro- 
ceeds exists only on the surface of the cartxxi particle in contact wrth the proton-conductive passage in the solid 

20 polymer electrolyte. The inventors further fomd that the positional relationship of the catalyst material with the proton- 
conductive passage and the distribution of the catalyst material in the solid polymer electrolyte need to be studied. 
[0041] Fig. 15 is a cfegram illustrating the coTK^ept of the state of the surface layer of cartxmpartk^ 
solid polymer electrolyte in a conventional electroda In the conventional electrode, as shown in Rg. 15, the surface of 
the cartx)n particle 151 is covered with a solid polymer electrolyte composed of a proton-conductive passage 152 and 

25 a teflon bacMtx>ne 1 53 and catalyst particles 1 54, 1 55 are supported on the sur^ce of the carbon particle 151. However, 
it is considered that the catalyst particle 154 is disposed in the tefbn t}acMx>ne 153 and thus cannot effectively contrit>- 
ute to electrode reaction while the catalyst particle 1 55 is disposed in the proton-conductive passage 1 52 and thus can 
eff ctively contribute to the electrode reaction. The region A is a region where a ttiree-phase boundary is formed but no 
catalyst particles are present Thus, this region has no catalyst particles supported thereon and does not take part in 

30 the electrode reaction. In other words, in such an electrode, the presence of the catalyst particle 154 causes the 
decrease of percent utilization of catalyst and the presence of ttie three-phase boundary A causes the decrease of the 
activity of the electrode. 

[0042] The structure of an electrode for a fuel cell whk;h has been further improved in order to solve the akx>ve prob- 
lems will be desabed referring to the drawing. 
35 [0043] Fig. 1 1 is a diagram illustrating the concept of the state of the surface layer of a cari3on partide in contact with 
a solid polymer electrolyte in the electrode for a fuel cell according to the present invention. The electrode of the present 
invention is a porous electrode containirig a catalyst and a soGdpolynrier electrolyte. The electrode has an electron-con- 
ductive channel forrned by carbon particles, a protori^onductiye channel f^ 

channellbrthesijpply and discharge of active nriaterial and product fornwd by 11. 
40 the cartx>n partide 111 covered with a solid polyiner electn)lyte composed of a proton-conductive passage 112 and a 
teflon t>acktx>ne 1 1 3 on the surface layer thereof and a catalyst partide 1 1 5 supported on the surface o^ 
tide 111 in contact with the proton-conductive passage 112. 
[0044] In aooordarice with the present irmritiori. a calalysl material is supported r^^ 

partkdes In contact with the pro!DrHX)nductive passage as mentioned above. In this arrangement, the catalyst is sup- 
45 ported rnainly on a three-phase bouridaryforrried on the suri^ of the cartxjnparticte 

utilization of catalyst Further, by supporting ttie catalyst material on the surface of the cartxxi partide in contact with 
theprotorHxxx&ictivepassageatattighperceritage,thereg^Ashcwnin^^ 15can be reduced, making it po6Sft)le 
to enhance the activity of the electrode. 

[0045] Further, as reported in the study by T D. Gierke et al. (J. Membrane Sd.. 13. 307 (1983)). the diameter of the 
so cluster of proton-conductive passage is about 40 A. From this standpoint of view, the average size of the catalyst mate- 
rial SLfsported on ttie three-phase boundary is preferably not more than 40 A to give a high eff idency, because there is 
no obstruction of the diffusion of water or gas. 

[0046] Moreover, the catalyst material exhibits a great activity when it has a proper size. Rom this standpoint of view, 
the average size of the catalyst material supported on the foregoing contact surface preferably fails witiiin the range of 
55 from 20 A to 40 A. It is reported in the study by K. Kinoshita et al. (J. Electrochem. Soc., 137, 845 (1990)) that the par- 
tide diameter of platinum partide having a high activity with respect to the reduction of oxygen is atx)ut 30 A. 
[0047] The catalyst material to t>e used in the electrode of the present invention is preferably the platinum group metal 
such as platinum, rtuxlium. rutheniun\ iridium, palladium and osnium or altoy thereof. The solwl polymer electrolyt to 
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be used in the electrode of the present invention is preferably one made of an ion-exchange membrane, nfx>re prefera- 
bly a perfluoroeuHbnic acid or styrene-divinylbenz ne-based sulfonic acid type solid polymer lectrolyte. 
[0048] The preparation of such an electrode for a fuel cell of the present Invention can be accomplished by the proc- 
ess for the preparation of an electrode for a fuel cell having the following two steps. Namely. In a first step, a compound 
5 as starting material of catalyst is adsort)ed into a solid polymer electrolyte in a mixture containing a solid polymer elec- 
trolyte and cartx>n particle. In a secorxJ step, the starting material of catalyst in mixture obtained in the first step is 
reduced by chemical reduction. 

[0049] In the preparation process of the present invention, the operation of the first and second steps are repeated 
one or more times so that the catalyst material grows further with the catalyst material initially supported on the cartx)n 
10 particles as a core. TTie anxxjnt of catalyst material supported on the catalyst partide is controllable by the number of 
repetition. Accordingly, in accoidance with the present invention, the controlling of the number of repetition of the oper- 
ation of the first and second steps make it pos^e to prepare an electrode fbr a fuel cell composed of a high activity 
catalyst material having a size of from 20 to 40 A supported thereon. 

[0050] The preparation process of the present invention has been worked out paying attention to the following facts. 

IS Namely, first, catalyst material is gained by reduction of starting materia, adsort>ed in solid polymer electrolyte of cata- 
lyst. Second, tiie carbon particle exhibits a catalytic activity for the reduction reaction of the foregoing compound. Third, 
by the ion exchange process of solki polymer electrolyte, the compound as starting material of catalyst can be adsortied 
preferentially by the proton-conductive passage of solkl polymer electrolyte. The preparation process of the present 
invention is not limited to the electrode of the present invention but can be applied to electrodes fbr a fuel cell having 

20 other structures. 

[0051] The compound as starting material of catalyst to be used in the preparation process of the present invention 
is a compound witich can be reduced to a catalyst material. The form or shape of the catalyst material is not specif k»lly 
limited so far as the material acts as a catalyst. F=br example, the compound as starting material of catalyst may be one 
which can be reduced to metallic catalyst particle. Referring to tiie kind of catalyst those having a high oxygen reduc- 
es tion activity or hydrogen reduction activity may be selected. One of the oompourxi as starting material preferak)ly used 
is a compound of the platinum group metals such as platinum, rhodium, ruthenium, iridium, palladium arxl osnium. In 
particular, tfie compound is preferatsly in the form of metal salt or complex, particularly an amine conrplex represented 
by [M(NH3)4]X2. or [M(NH3)6]X4 On which M represents one of tiie platinum group metals and X represents a monova- 
lent ank>n). 

30 [0052] In case of using the metal compound, it may be in the form of a mixture of a few metal compounds or dout)le 
salt. For example, a nvxture of a platinum compound and a ruthenium compound can k>e expected to produce a plati- 
num-ruthenium alloy when subjected to reduction. 

[0053] The carbon particle preferably used is one whk:h exhibits a high activity fbr the reduction of tiie conrpound as 
starting material of catalyst. For example, if a compound of a platinum group metal is used, an acetylene black such as 

3S Denka Black, Vak>an XC-72 and Black Peari 2000 are desirable. 

[0054] The mixture composed of cartxm particle and solid polymer electrolyte may preferably be in solid form. Fbr 
example, it is prepared in the form of a porous material composed of a compound as starting material of catalyst dis- 
persed in a parent body including a solid pofymer electrolyte in the fomn of membrane or the lika The use of such a 
porous material is desirable. 

40 [0055] The mixture composed of carbon partides and solkl polymer electrolyte is preferably 
following processes. 

(1) The nriixture is produced by a process in which a paste composed of cartx)n partide, a 

solution, and optionally a solution having a r I M: partide dispersed therein are applied to a polyrner film ton 
45 a sheet nriade from the paste Cxeferablyhavirig a thKkriesso^ 

(2) The mixture is pro d uced by a process In which a paste composed of carbon partide and a solution having a 
PTFE partide dispersed therein is applied to a polymer film to make a shee^ 

ing a ttiKkness of from 3 to 30 ^m) whk:h is then dried, and then a sofid polymer electrolyte solution is applied to 
the sheet so that the sheet made from the paste Is impregnated with the sdkf polymer electrolyte solution. 

so (3) The mixture is produced by a process in which a paste composed of cartx>n partide, a sdM polymer eledrolyte 
solution arxi optionally a solution having a PTFE particle dispersed ttierein is applied to a cartxxi electrode sut>- 
strate which is electro-conductive porous material, and then the coated material is dried. 
(4) The mixture is produced by a process in which a paste composed of cartXHi partide and a solution having a 
PTFE partide dispersed therein is applied to a castxxi electrode substrate which is electro-conductive porous 

ss material, the coated material is heated and dried, and a solkj polymer eledroiyte solution is applied to the coated 
material so that the coated material is impregnated with the solid polymer electrolyte solution. 

[0056] Alternatively, th nrixture composed of carbon partide and a solid polymer electrolyte solution may be con- 
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nected to both or either surface of the ion-exchange membrane. 

[0057] The adsorption of the compound as starting material of catalyst at the f irst step is preferably accomplished t>y 
the bn-exchange process of a solid polymer electrode such that the compound as starting material is preferentiaity 
adsorbed into the proton-conductive region in the solid polymer electrolyte. 

[0058] The compound as starting material of catalyst in the mixture composed of a compound as starting material of 
catalyst, cart>on particle and a solid polymer electrolyte Is preferably reduced by a chemical reduction method using a 
reducing agent suitable for mass production, particulariy gas phase reduction method using hydrogen gas or hydrogen- 
containing gas or gas phase reduction method using an inert gas containing hydrazine as a redudng agent. 
[0059] In the reduction process, since the cartXHi partide exhibits a high catalytic activity for reduction reaction of the 
compound as starting material of catalyst, the compound as starting material of catalyst on the surface of the cartx}n 
partide is reduced in preference to the compound as starting material of catalyst in the solid polymer electrolyte. It is 
preferred that the Kind of the redudng agent, the reduction pressure, the concentration of the redudng agent, the reduc- 
tion time, and the reduction temperature be properly controlled to cause the compound as starting material of catalyst 
on tiie surface of the cartx^n partide to be preferentially reduced so that a catalyst material is produced mainly on the 
surface of the cartx>n partide in contact with the solid pdymer electrolyte. 

[0060] By using hydrogen as a redudng agent and controlling the reduction temperature, the compound as starting 
material of catalyst on the surface of the cartxxi partide can be more preferentially reduced, making rt possible to pro- 
duce a catalyst material mainly on the surface of cartxxi partide in contact witti the sdid polymer electrolyte. For exam- 
ple, the temperature of reduction of platinum amine complex [Pt(NH3)4^'^ impregnated into a perfluorosuHbnic add type 
solid polymer electrolyte menfi)rane wHh hydrogen is about SOC'C, which is somewhat higher ttian the decomposition 
temperature (280**C) of the perfluorosulfonic add type solid polymer electrolyta However, it is reported ttiat the tenrper- 
ature of reduction of [Pt(NH3)4^^ adsort>ed on the surface of cartx>n partide (Denka Black, Valcan XC-72. Black Peari 
2000, etc.) with hydrogen is ISC^C (K. Amine, M. Mizuhata, K. Oguro, H. Takenaka, J. Chem. Soc. Faraday Trans., 91, 
4451 (1996)). In other words, by effecting reduction witti hydrogen gas at a temperature of ISCC with Valcan XC-72 as 
caitx>n partides and [Pt(Nl-l3)4^^ as starting material of catalyst it is made possit)le to prepare a solid polymer electro- 
lyte-catalyst composite electrode consisting of a solid polymer electrolyte, cartx>n partide and a catalyst material, 
wherein catalyst material is SMpported mainly on the surface of the carbon partide in contact with a proton-conductive 
passage in the solid polymer electrolyta 

[0061 ] Ihus, ty selecting a proper starting material of catalyst and controlling the temperature of reduction witti hydro- 
g n gas, it is made possble to prepare a solid polymer electrolyte-catalyst composite electrode containing a sdid pol- 
ymer electrolyte, cartxm partides and a catalyst material, in which catalyst material is supported mainly on the surface 
of the cartx>n partide in contact wHh a proton-conductive passage in ttie solkJ polymer electrolyte. 
[0062] The temperature of reduction wHh hydrogen is preferably lower than the decomposition temperature of the 
solid polymer electrolyte, more pref erat)ly lower than the ^ass transition temperature of the solid polymer electrolyte to 
inhibit the degradation of the solid polymer electrolyte. Thus, the cartx>n partide and the starting material of catalyst are 
preferably selected and combined such that the temperature of reduction of ttie starting material of catalyst witti hydro- 
gen gas is k)wer ttian ttie decomposition temperature or glass transition temperature of ttie soIkI polymer electrolyte. 
An dectrode for a fuel ceB normally corisists of a perfluon)6ulforiic add type s^ 

a perfluorosulfonk; add type solid polymer electrolyte has a decomposition temper a ture of 280*^. Accordingly, the 
reduction at a terrperature of k]wer than this decomposition temperature makes it possible to inhibit the degradation of 
the sdid polymer electrolyte in the electroda 

[0063] The starting material of catalyst which has been left unreduced in tfie solid pdymer electrolyte can be 
extracted from the electrode by iiwnersiny the electrode into an addic aqueous solution such as hydrochtoric add after 
reduction witti hydrogen gas or the Ska 

EXAMPLES 

[0064] The solid polymer electrdyte-catalyst composite dectrode according to the present invention will be further 
described in the following examples. 

Example 1 

[0069] A sdid polymer electrolyte-catalyst composite dectrode and a water electrolysis cell using this elecbode were 
prepared in tiie fdlowing manner. 

[0066] An iridium partide as the catalyst and a solid polymer electrdyte solution (Nafion solution, produced Aldrich 
Corp.) were kneaded to prepar a paste. The past was applied to an ethylene tetrafluorid -propylen hexafluorid 
copolymer (FEP) film to make a sheet which was then spontaneously dried. In this state, ttie w ight ratio of iridium par- 
tid to sdid polymer electrolyte was 8:92. 
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[0067] Subsequently, the catalyst layer formed on FEP film was immersed in [Pd(Nhl3)4)Cl2 solution for 2 hours so 
that th catalyst material )Mas adsorbed in a cluster network of solid polymer electrolyt . The catalyst material was 
reduced with hydrogen at a temperature of from 100*0 to 120^0 und r a pressure of 30 kg/cm^ so that palladium (Pd) 
was supported on the cluster netvwork.Th supported amount of paHacfium was about 2 mg per 1 g of the solid polymer 
5 electrolyte solutbn. 

[0068] The solid polymer electrolyte-catalyst composite electrode on FEP f flm thus otitained was then bonded to both 
sMes of a perfluorosulfonic ackl type ion-exchange membrane (Nafion-1 15. produced by Du Pont) at a temperature of 
ISO'^C under by hot press and FEP film was taken away to prepare an ion-exchange membrane-catalyst electrode 
assembly The ion-exchange membrane-catalyst electrode assembly thus prepared was then mounted on a water elec- 
10 trolysis cell hokJer. For comparison, an ion-exchange memtxane-catalyst electrode assembly having the same struc- 
ture as the ion-exchange membrane-catalyst electrode as8emt)ly of the present exanrple except that palladium was not 
supported on the cluster network was mounted on another water electrolysts cell hokler. The two water electrolysis cells 
were then measured for l-V characteristics. The results are set forth in Rg. 1 . 

[0069] It can be seen in Rg. 1 that the characteristk:s of the water electrolysis cell using the solid polymer electrolyte- 
75 catalyst composite electrode obtained according to the present invention exhibits very excellent characteristics as com- 
pared with that of the conventional water electrolysis cell mainly due to the reductfon of the internal resistance of the 
electrode as made obvkMJS from the gradient of l-V curve. 

Example 2 

20 

(Example Electrode A) 

[0070] An iridium partk;le as the catalyst and a solkJ polymer electrolyte solution (Nafk>n solution, produced AkJrich 
Corp.) were kneaded to prepare a paste. The paste was applied to an FEP (ethylene tetrafhjoride-propylene hexaf iuo- 

25 rkJe copolymer) f Dm to make a sheet which was then spontaneously dried to prepare a solid polymer electrolyte-catalyst 
composite electrode main body. The electrode thus prepared had a square plane (32 mm x 32 mm) and a thickness of 
10 psn. In this slate, the weight ratfo of irkjium partkde to solkJ polymer electrolyte was 75:25, and the content of iridium 
per unit area was 1.5 mg per 1 cm? of electrod& Subsequently, the solid polymer electrolyte<:atalyst composite elec- 
trode main txxly formed on f^P film was immersed into [Pd(NH3)4]Cl2 solution for 2 hours so tfiat (Pd(NH3)4]^'^ was 

30 adsorbed Into a duster network of solki polymer electrolyte. The catalyst material was then reduced with hydrogen at a 
temperature of from 100*0 to 120^0 under a pressure of 30 kg/bmi^ so ttiat palladum (Pd) was supported on the cluster 
network. The supported amount of palladium was atxxjt 5 mg per 1 g of the soiki polymer electrolyte solution. 
[0(^71] The electrode thus prepared will be hereinafter referred to as "Example Bectrode A". 
[0072] Rg. 3 is a sectfonal view illustrating the structure of Example Electrode A. As shown in Rg. 3, the electrode of 

35 the present exanrple is a porous solid polymer electrolyte-catalyst composite electrode having numerous pores 34 
(pore dian)eter of from atxxit 10 ^m to 20 fim) formed by a solid polynter electrolyte 32 and a catalyst particle 33 as 
iridium partk^le (average partk:le cfiameter: 5 pm) and a palladium electrorHX>nductive cfiannel 31 (channel diameter: 
about 50 A) formed by supporting pallacfium in the duster network in the soiki polynier electrolyte 32. 

40 (Comparative Electrode C) 

[0073] A iridium particle and a soKd polymer electrolyte solutfon (Naffon solution, produced AkJrk:h Corpi) were 
kneaded to prepare a paste. The paste was applied to an FEP flm to make a sheet wfiich was then s 
to prepare a solid polymer eiectrolyte-calalyst composite electrode. The electrode tfms prepared wiO be hereinafter 
45 referred to as "Corrparative Bectrode C^ Comparative Electrode Oh^ 
ness of 1 0 pra In this state; the wei|^ ratfo of irkfium particle to soM 

of irkfium particle per unit area was 1.5 mg perl cm^ of electrode. Oorrq3arative Bectrode Chad the name structure as 
Example Electrode A except that no palladium electron-conductive channel was formed. 

[P074] Example Electrode A and Comparative Electrode 0 were then measured for resistivity. As a result, the resist- 
50 ance of Electrode A of 0.4 x 1 0^ ma • cm while the resistance of Comparative Electrode C was 4.5 x 1 0^ ma • cm. 

(Water electrolysis cell) 

[0075] Example Electrode A and Comparative Electrode C tiius obtained were then used to prepare a water electrol- 
55 ysis cell having the following structure. Example Electrode A and Comparative Electrode 0 on FEP film were each 
tx>nded to both sides of a pert luorosulfonk; acid type ion-exchang membrane (Nafk>n-1 12, produced by Du Pont) at a 
temperature of 130^0 under a hot press and FEP film was taken away to prepare an fon-exdiange membrane-catalyst 
electrode assenriblywhKh was then niounted on a water electrolysis cell hokJ r, 
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[0076] Rg. 4 Is a schematic diagram illustrating th structure off the water electrolysis cell thus obtained. As shown in 
Rg. 4, the water electrolysis cell is composed of an current collector 43 provided In contact with an electrode 42 in an 
ion-exchange membrane<;atalyst electrode assembly having the electrode 42 connected to both sides of an ion- 
ecchange merrbrane 41, a packing 44 provided therearound, and a titanium anode plate 45 and a titanium cathode 

5 plate 46 pressured-welded thereto. The current collector 43 is made of a titanium plate (shown by the dotted line) and 
an expanded titanium (shown by the conxrgated line). The titanium plate had photoetched holes having a diameter 0 
of 0.7 mm ananged in zigzag manner at a pitch of 0.95 mm (P: eo"") in a planar titanium plate having a thickness of 0.1 5 
mm as shown in Fig. 5 (porosity: 49%). The titanium plate had been plated with platinum on both sides thereof to a 
thickness of 0.1 5 \in\. Two sheets of expanded titanium were laminated on the titanium plate. 

10 [0077] Rg. 2 illustrates the current-voltage characteristics of these water electrolysis cells. In Rg. 2, the curve A Indi- 
cates ttie characteristics of the water electrolysis cell composed of Example Electrode A while the curve C indk^ates the 
characteristics off the water electrolysis cell composed of Comparative Eectrode C. 

[0078] It can be seen in Rg. 2 that the water electrolysis cell corrposed of Example Electrode A exhibits excellent 
characteristics, a lower electrolysis voltage and a higher energy conversion effflctency as compared with the water elec- 
15 trolysis cell composed of Comparative Electrode C. This is attrilxited to the fact that the resistance of the electrode is 
reduced due to the microscopic electrornxxKluctive channel of Pd famed in the cluster network in the electrode of the 
present example. 

Examples 

20 

[0079] A sdki polymer electrolyte-catalyst composite electrode and a fuel cell using the electrode were prepared in 
the following manner. 

[0080] A cartx>n particle having 30 wt% of platinum supported tiiereon and a solution having PTFE dispersed theran 
were kneaded to make a paste. The paste was applied to an FEP film to make a sheet which was then heated and dried 

25 at a temperature of 1 20"C for 2 hours. 

[0081] The sheet thus obtained was then allowed to cool. A periluorosulfbnic ackl type sdkl polymer electrolyte 
(Naf ion solution, produced AUrich Corp.) was then sprayed onto the sheet so that the sheet was Impregnated with the 
solkj polymer electrolyte. The material was then spontaneously dried. In this slate, the weight ratio of platinum-sup- 
ported carbon. PTFE and solkJ polymer electrolyte was 6022:18. 

30 [0082] The catalyst layer formed on FEP fOm was irnnriersed Into pd(NH^^ 

material was adsort)ed by a duster network of solid polymer electrolyta The catalyst material was reduced with hydro- 
g n at a temperature of from lOO^'C to 1 20^C under a pressure of 30 kg/cm^ so that palladium (Pd) was supported on 
the cluster network. The supported amount of pallacfium was about 2 mg per 1 g of the solkl polymer electrolyte solu- 
tion. 

35 [0083] The solid polymer electrolyte-catalyst conrposite electrode on FEP f Dm thus obtained was then bonded to both 
sides of a perfluorosulfbnk: acki type ion-exchange memt)rane (Nafk)n-1 15, produced by Du Pont) at a terrperature of 
130*^ under a hot press and FEP fOm was taken away to prepare an lon-escchange membrane^catalyst eledrode 
assembly. A hydrophobicized porous cartx)n paper as a gas diffusion layer was then similarly connected to k>oth exter- 
nal skJes of the ion-exchange membrane-catalyst electrode assenrtrfy by hot press. The laminate thus prepared was 

40 then mounted on a fuel cell hokler. For comparison, an k>rvexchange memtyane-catalyst electrode assemk)ly having 
the same structure as the k)n-exchange memk>rane^catalyst electrode assembly off the present example except tfiat pal- 
ladiun was not supported on the cluster network was mounted on another water fuel cell hoUer. The two fuel cells were 
then measured for l-Vcharacteristicsw The results are set forth in Rg. 6. 
[0084] It can be seen in Rg. 6 that the characteristics of the fuel cell using the soikJpolynw 

45 posite electrode obtained aocoiding to the present invention e(hi>its very excellent characteristics as compared with 
that of tfie conventional water electrolysis ceO mainly due to the reduction of the internal resistivity of the electrode as 
made obvious from the gradtent of l-V curve. 

Example 4 

so 

(Example Eectrode E) 

[0085] A cartx>n particles having 30 wt% of platinum supported thereon and a solution having a PTFE particle dis- 
persed therein were kneaded to make a pasta The paste was applied to an ethylene tetraf luoride-propylene hexaf luo- 
55 ride copolymer (FEP) fim to make a sheet whk^h was then heated and dried at a temperature of 120°C for 2 hours. 
Sut>sequently, the sheet was spontaneously dried. A perf luorosulffonic add type solid polymer electrolyte (Naffion solu- 
tion, produced AMrich Corp.) was then sprayed onto the sheet so that th sheet was impregnated with the sdid pdymer 
electrolyte to prepare a solid polymer electrolyte-catalyst composite electrode main body. The el ectrode main body was 
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then spontaneously dried. The electrode main body had a square plane (32 mm x 32 mm) and a thickness of 1 0 fim. In 
this state, the weight ratio of platinum-supported caitx)n, PTFE and solid polymer electrolyt was 60:22:18, and the 
content of platinum per unit area was 0.1 mg per 1 cm^ of electrode. 

[0086] Sut>sequently. the solid polymer electrolyte-catalyst composite electrode main body fomied on FEP film was 
immersed into [Pd(NH3)4]Cl2 solution for 2 hours so that [Pd(NH3)4]Gl2 was adsort>ed into a duster network of solid pol- 
ymer electrolyte. The catalyst material was then reduced with hydrogen at a temperature of from 1 0O^'C to 120**C under 
a pressure of 30 kg/cm^ so that palladium (PcQ was supported on the cluster network. The supported amount of palla- 
dium was about Smgperlgofthe solid polymer electrolyte solution. 
[0087] The electrode thus prepared will be hereinafter referred to as 'Example Electrode E". 
[0088] Rg. 8 is a sectional view illustrating the structure of Example Electrode E. As shown in Rg. 8, the electrode of 
the present example is a porous solid polymer electrolyte-catalyst composite electrode having numerous pores 84 
(pae diameter of from about 5 )im to 20 |im) Ibrmed by a solid polynier elects 

k>y a platinum supported on cartXHi powder (average particle diameter: not more than 0.21 ^m) and a palladium elec- 
tron-conductive channel 81 (channel diameter: about 50 A) formed by supporting palladium in the cluster network in the 
sofid polymer electrolyte 82. 

(Comparative Electrode G) 

[0089] A cart>on powder having 30 wt% of platinum supported thereon and a solution having a PTFE particle dis- 
persed therein were kneaded to make a paste. The paste was applied to an etfiylene tetrafluoride-propylene hexafluo- 
ride copolymer (FEP) fflm to make a sheet which was then heated and dried at a tenperature of 120''C for 2 hours. 
Subsequentiy. tiie sheet was alk3wed to cod. A per! luoroouHbnic acxi type solid polymer electrolyte (fslafion solution, 
produced Aldrich Corp.) was then sprayed onto tiie sheet so that the sheet was impregnated with the solid polymer 
electrolyte to prepare a solid polymer electrolyte-catalyst composite electrode main kxxJy. The electrode main body had 
a square plane (32 mm x 32 mm) and a thickness of 10 ^m. In this state, the weight ratio of platinunhsupported cartx)n, 
PTFE and solid polymer electrolyte was 60:22:18, and the content of platinum per unit area was 0.1 mg per 1 cm^ of 
electrode. Comparative Electrode E had the sonne structure as Example Bectrode E except that no palladium electron- 
conductive channel was formed. 

[0090] Example Electrode E and Comparative Electrode G were then measured for. resistance of electrodes. As a 
result. Example resistance of Electrode E was 2.5 x 10^ ma • cm while resistance of Comparative Electrode G was 7.5 
X lO'^mQ'cm. 

(Fuel cell) 

[0091 ] Example Electrode E and Comparative Electrode G thus otTtained were then used to prepare a fuel cell having 
the folk3wing structura In some detail. Example Electrode E and Comparative Bectrode G on FEP f Dm were each con- 
nected to both sides of a perfluorosuHbriic acid type k)rv^9cchange r^ 
temperature of 130*t} under a hot press aifid FEP film was taken away to prepm 
electrode assembly whk^h was then mounted on a fuel cell. 

[0092] Rg. 9 is a schematic diagram illustrating the structure of the fuel cell thus obtained. As shown in Rg. 9, the fuel 
cell is conposed of a current collector 93 forming a gas dfffusk)n layer provided in contact with an electrode 92 in an 
ion-exchange membraneK:atalyst electrode assembly including the electrode 92 tx>rvied to bc/Hh skies of an kxi- 
excfiange membrane 91 , a packing 94 pravkled tfierearound, and a graphite positive electrode plate 95 and a graphite 
negative electrode plate 96 pressured-wekled thereta The currert oolleclor 93 is con^ 

by the dotted fine) and an exparxled tAanium (shown ty tfie corrugated Bne). The titanium plate had photoetched holes 
having a diameter of 00.7 mm arranged in staggered manner at a pitch of 0.96 mm (P: 60^) in a planar titanium plate 
having a ttvckness of 0.15 mm as shown in ff=ig. 5 (porosity: 49%). The titanium plate had been plated with platinum on 
botti sides thereof to a thickness of 0.1 5 |im. Two sheets of expanded titanium had been laminated on the titanium plate. 
[0093] Rg. 7 illustrates the cun'ent-voltage characteristics of these fuel cells. In Rg. 7. the curve E indicates ttie char- 
acteristics of the fuel cell using Example Electrode E while the cunre G indicates ttie characteristics of ttie fuel cell using 
Comparative Electrode G. 

[0094] ft can t>e seen in Rg. 7 that the fuel cell consisting of Example Electrode E exhibrts excellent characteristics 
as compared with the fuel cell using Comparative Electrode G, demonstrating that it exhibits a small k>ss of operating 
voltage. This is attributed to tiie fact that the spedfk; resistance of the electrode is reduced and the resistance of the 
entire fuel cell is kept snnall due to the microscopk: electron-conductive channel of palladium (Pd) formed in the cluster 
network in the electrode of the present example. 

[0095] The electrode for a fuel cell according to the present invention will be furm r descn'bed in the foltowing pre- 
ferred examples. 
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Examples 

[0096] A sofid polymer electrolyte (5 wt% solution of Nafion, produced Aldrich Corp.). a cart>on partide (Valcan XC- 
72 (produced by Tanaka Kildnzoku, Lid.)) and a PTFE particl (Teflon 30J. produced by Mitsui Du Pont Ruorocfiemical 
Co.. Ltd.) were kneaded to make a paste. The paste was applied to a porous cartxxi electrode substrate (0.5 mm), and 
tfien dried at a temperature of 120^C in a nitrogen atmosphere for 1 hour. 

[0097] Sut)sequaritly. the foregoing mixture consisting of solid polymer electrolyte and cartxxi partide whteh has high 
electro-conductivity was immersed in [Pt(NH3)4]Cl2 solution for 2 days to undergo ion exchange so that [R(NH3)4|^'^ 
was adsorbed into the proton-conductive passage of solid polymer electrdyta The mixture was thoroughly washed with 
purified water, dried, and then reduced at a temperature of 180°C in a hydrogen atmosphere for about 4 hours so tfiat 
platinum was supported preferentially on the cartx>n partide in contact with the proton-conductive passage in sdid pol- 
ymer dectrofyta Subsequently, the catalyst material was immersed in a 3 moV/ hydrochtoric add solution overnight to 
extract [Pt(NH3)4]Cl2 unreduced. Thus, Qectrode I of the present exanple was obtained. An analysis separately con- 
ducted shows that tiie amount off platinum sipported on Electrode I is about 0.05 mg/cm^. 

Example 6 

(Example Bectrode J) 

[0098] A solid polymer electrolyte (5 wt% solution of Nafion, produced AkJrich Corp.), a caibon partide (Valcan XC- 
72 (produced by Tanaka Kikinzoku K.K.)) and a PTFE partide (Tefk>n 30J, produced by Mrtsui Du Pont Ruorochemical 
Co., Ltd.) were kneaded to make a paste. The paste was applied to a hydrophdtxc electro-conductive porous cartx>n 
electrode substrate (0.5 nrun), and then dried at a temperature of 120"C In a nitrogen atmosphere for 1 hour. 
[0099] Subsequentiy, the foregoing mixture consisting of sdid pdymer dectrdyte and cartxm partide was immersed 
in [Pt(NH3)4]Cl2 solution for 2 days to undergo ion exchange so that [Pt(NH3)4J^+ was immersed into the proton-con- 
ductive passage of sdid polymer electrdyte. The catalyst material was thoroughly washed witti purified water, dried, 
and then reduced at a temperature of ISO^'C in a nitrogen gas containing anhydrous hydrazine (obtained by txjbt)ling 
hydrazine witti nitrogen gas) for about 30 minutes so that platinum was supported preferentially on the carbon partide 
and the surface of the sdid polynier electrolyte in contad with the pri^^ Sut>sequerTtty, the mix- 

ture was immersed into a 3 md// hydrocNonc add solution overnight to extract [Pt(NH3)4]Ci2 unreduced. Thus, Elec- 
trode J of the present example was obtained. An analysis separately conducted shows that ttie anrKXjnt of platinum 
supported on Electrode J is about 0.05 mg/cm^. 

(Corrparative Example Electrode K) 

[0100] A platinum-supported cartx>n (produced by Tanaka Kikinzoku K.K.; 10V30E: Vatean XC-72 having 30 wt% of 
platinum supported thereon), a sdid pdynrter electrolyte (5 «ifl% sdution of Nafion, produced AUnch Corp.) arxf PTFE 
partide (Tenon 30J, produced by Mitsui Du Piont Ruorochemical Ca. Ud.) were kneaded to make a pasta The paste 
was applied to a hydrophobic dectro-condudive porous carbon electrode substrate 
perature of 120^ in a nitrogen a t m os p here for 1 hour to obtain Comparative Electrode K. 

[0101] The anrKXjnt d tfie platinum-supported cartxxi to be used dunng tfie preparation of paste was properly 
adjustedsuchthattfieamountof platinum in Electrode K was atxxit 1.0 mg/on^. 

[0102] Example Electrode J and Connparative Electrode K were each connected to both sides of an k>n-exchange 
membrane (jproduced by Ou Ront; Nafk>n, thickness: about 50 |im). These assennblies were each then mounted on a 
unit fud cell hoUer to obtain fud ceOs J and K. 

IP103] Rg. 10 illustrates the currert-voRagecharacteristcsdevekspedwt)^ 
hydrogen (2 aim., 80^C). 

[0104] It can t>e seen in Rg. 10 that the cdl J according to the present invention exhibit a high output voltage in spite 
off its siworted amount of platinum as small as not more than 1 /1 0 of that of the comparative cell K. This is attritxited 
to the fact that platinum can be certeinly supported on the three-phase interlace d electrode to give a drastically high 
percent utilization of platinum, making it possible to obtain an dectrode outperforming the conventional cell in spite of 
small supported anrKXjnt of platinum. 

[0105] The sdid polymer dectrdyte-catelyst composite dectrode according to ttie present invention can provkje a 
solid polymer electrdyte-calalyst composite dectrode having a high electro-conductivity and a small resistanca If the 
solid polymer electrolyte-catalyst composite dectrode according to the present invention is used in a water dectrolysis 
cdl, for example, the resulting water dectrolysis cdl can be provided witii a lowered dectrolysis vdtag and an 
enhanced energy eff idency. On the ottier hand, if ttie sdkJ pdyrner dectrolyte-catalyst composite electrod according 
to the present invention is used in a fud cdl. th resulting fiid cdl dk>ws greater current to be taken out whil suppress- 
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ing the decrease of operating voHage. 

[Q106] The electrode for a fuel cell of the present Invention can provide an electrode having a high percent utilization 
of catalyst that niakes it possble to prepare an inexpensive high perfamance fuel cell. 

[0107] In accordance with the process for the preparation of an electrode for a fuel cell of the present Invention, a 
catalyst material is supported on a three-phase boundary fbnned on the surface layer of cartx>n particle, making it pos- 
sible to allow ail catalyst materials to effectively act on the three-phase boundary. This makes it possible to provide tiie 
electrode witti a higher activity, not to mention enhance the percent utilization of catalyst. This further makes it possik)le 
to prepare a high efficiency electrode for a fuel cell from a small amount of a catalyst material. Thus, an inexpensive 
high performance fuel cell can be prepared. 

Claims 

1 . A porous solkJ polymer electrolyte-catalyst composite electrode comprising: 

solid polymer electrolyte; 
catalyst particles; 

electron-conductive material whk^h is supported on a proton-conductive regfon in the soTid polymer electrolyte. 

2. The solid polymer electrolyte-catalyst composite electrode according to daim 1. wherein tiie electron-conductive 
material contains catalyst material. 

3. The solki polymer electrolyte-calalyst compo sit e electrode according to daim 2. wfierein the catalyst partide is cat- 
alyst material supported on carbon, arxi the catalyst material consists the eledro-corxiuctive material. 

4. The solid polymer electrdyteH;a1alyst composite electrode according to daim 3, wherein the electron-conductive 
material comprises the catalyst material, which is supported mainly on a surface of the cart)on partide in contact 
with the proton-conductive passage in sofid polymer electrolyte. 

5. The solid polymer electrolyte-catalyst composite electrode according to daim any one of daims 1 to 4, wherein the 
solid polymer electrolyte is pert luorosuHbnic add type solid polymer electrolyte, and ihe electron-conductive mate- 
rial is supported on a duster network portion in the solid polymer electrolyta 

6. An electrode for a fuel cell, comprising a solid polymer electrolyte-catalyst composite electrode containing a sdid 
polymer electrdyte. cartxin partide and catalyst material; 

wherein ttie catalyst material is supported mainly on the surbce of the cartx)n partide in contact with a pro- 
ton-conductive passage in the sdid polymer electrolyta 

7. The dectrode for a fuel cdl according to daim 6, wherein the catalyst nriat^ 
bon partide has an average particle diameter of not more than 40 A. 

8. The dectrode for a fuel cell according to daim 7. wherein the catalyst material supported on the surface of ttie car- 
bon partide has an average particle dtameter of from 20 to 40 A. 

d. The dectrode Ibr a fuel ceU according to any one of daims 6 to 8, wherein the c^^ 
num groip metal and an aDoy ttiereoL 

10. AprocessforthepreparalfanolasoMpolynierdectrolyte-catatya 

adsort^ing a starting catalyst material compound into the sdid polymer dectrolyte in ttie dectrode parent txxly; 

and 

redudng the starting catalyst material compound so ttiat ttie catalyst material is deposited into the sdid poly- 
mer electrolyte int he elecferoda 

11. The process according to daim 10. wherein ttie startirig catalyst material corr^^ 
pound. 

12. The process according to daim 11, wherem the platinum group metal oonpound is a platinum groif) metal com- 
pound fon. 
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1 3. A process for the preparation of an electrode for fuel cell, comprising tfi steps of: 

a first step of adsorbing a starting catalyst material compound into the solid polymer lectrolyte in a mixture 
including solid polymer electrolyte and cartxMi partide; and 

a second step of reducing the startmg catalyst material compound by chemical reduction. 

14. The process for the preparation of an electrode for fuel cell according to daim 13. wherein the compound as start- 
ing material of catalyst comprises a platinum groi4> metal compound. 

1 5. The process for the preparation of an electrode for fuel cell according to daim 1 4, wherein the compound as start- 
ing material of catalyst comprises a complex of the platinum group metal. 

16. Tlie process for the preparation of an electrode for fuel cell according to daim 13» wherein the compound as start- 
ing material of catalyst is reduced with hydrogen gas or hydrogen mixed gas in the second step. 

1 7. The process for the preparation of an electrode for fuel cell according to daim 1 3, wherein the compound as start- 
ing material of catalyst is reduced with an inert gas containing hydrazine in the second step. 

18. The process for the preparation of an electrode for fuel cell according to daim 13, wherein the reduction in the sec- 
ond step is carried out under concfitions such that the compound as starting material of catalyst on the surface of 
the carbon partides is reduced in preference to the compound as starting material of catalyst in the solid polymer 
electrolyte. 

1 9. The process for the preparation of an electrode for fuel cell according to daim 1 6, wherein the rec^jction in the sec- 
ond step is earned out with hycftrogen gas or hydrogen mixed gas at a teinperature of not higher than 280**C. 

20. The process for the preparation of an electrode for fuel cell according to daim 13. wherein the adsorption in the first 
step is an adsorption tiy an ion exchange process of the solid polymer electrolyte. 

21 . The process for the preparation of an electrode for fuel cell according to daim 13, wherein the electrode obtained 
in the second step is immersed in an acidic aqueous solution. 

22. The process for the preparation of an electrode for fuel cell according to any one of claims 13 to 21, wherein the 
operation of the first and second steps is repeated twice or more times. 



14 



EP0920065A1 



FIG. 1 




OS 1 1.5 

CURRENT DENSITY (A/cm^ 



WATER ELECTROLYSIS CELL 
OF THE PRESENT INVENTION 

CONVENTIONAL WATER 
aECTROLYSISCELL 



FIG. 2 





1.85- 


s 


1.8 ■ 




1.75 - 


1 




g 


1.7 - 


CO 




CO 


1.65 - 


o 




GC 

i 


1.6 - 




1.55 - 




1.5 ■ 




(A) 
(C) 



0.5 1 1.5 

CURRENT DENSITY (A/cm^) 



15 



EP0920065A1 

FIG. 3 



31 33 34 32 34 




16 



EP0920065A1 



FIG. 5 

^.7 



oooooo 
oooooo 
ooooo 

OOOOOOQ\ 
OOOOOOG^ 




0.95 



17 



EP0920065A1 



FIG. 6 




CURRENT DENSITY (A/cm^ 



PEFC OF THE PRESENT INVENTION 
H9- CONVENTIONAL PEFC 



FIG. 7 




CURRENT DENSITY (A/cm 2) 



18 



EP0920065A1 




EP0920065A1 



FIG. 10 




0 02 0.4 0.6 0.8 



CURRENT DENSITY (A/cm^ 



FIG. 11 




20 



EP0920065A1 



FIG. 12 




FIG. 13 



131 133 




21 



EP0920065A1 



FIG. 14 




22 



EP092006SA1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appllcatlon Number 

EP 98 12 2390 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, wtiere appropriate. 

of reievant passages 



Relevant 

to daim 



CLASSIFICATION OF THE 
APPLICATION P11LCL6) 



PATENT ABSTRACTS OF JAPAN 
vol. 018, no. 658 (E-1643), 
13 December 1994 

& JP 06 260170 A (AGENCY OF INO SCIENCE & 
TECHNOL; OTHERS: 01), 16 September 1994 

* abstract * 

-& DATABASE WPI 

Section Ch, Week 9442 

Derwent Publications Ltd., London, GB; 

Class A85, AN 94-336097 

XP002097480 

& JP 06 260170 A (AGENCY OF IND SCI 
&TECHN0L0GY), 16 September 1994 
^ abstract ^ 

-& CHEMICAL ABSTRACTS, vol. 122, no. 2, 
9 January 1995 
Columbus, Ohio, US; 
abstract no. 13752, 

TAKENAKA, HIROTAKA ET AL: "Electrode 
catalyst compositions and polymer membrane 
electrodes for fuel cells" 
XP002097478' 

* abstract * 



1-3,6,9 



H01M8/10 
H01M4/92 
C25B9/00 



TECHNICAL RELDS 
SEARCHED (lntO.8) 



Hom 

C25B 



The present search report has been drawn up for all claims 



Placa of SMich 

THE HAGUE 



Oato ol comptotion of the soaich 

24 March 1999 



Gamez, A 



CATEGORY OF CITED DOCUMENTS 

X : particularty ratavant if takftn alone 

Y : partlcmany rolevant il combined wtth another 

document of the same category 
A : technological background 
O : non-written discloeure 
P : imermediaie document 



T : theory orprincple underlying the invention 
E : earlier patent document, but pt^Hshed on. or 

after the Ming date 
D : document dted in the application 
L : document dted for ottwr reasone 



& : member of the same patent (amdy. corresponding 
document 



23 



EP0920065A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 98 12 2390 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
o< retevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPUCATION (lntX:i.6) 



DATABASE UP I 

Section Ch, Week 9607 

Derwent Publications Ltd., London, GB; 

Class A85, AN 96-066370 

XP002097481 

& JP 07 326365 A (AISIN SEIKI KK) 
, 12 December 1995 

* abstract * 

-& PATENT ABSTRACTS OF JAPAN 

vol. 96, no. 4, 30 April 1996 

& JP 07 326365 A (AISIN SEIKI CO LTD), 

12 December 1995 

* abstract * 

-& CHEMICAL ABSTRACTS, vol, 124. no. 14, 
1 April 1996 
Columbus, Ohio, US; 
abstract no. 181098, 

KUWAHA, KOICHI: "Manufacture of polymer 
membrane-containing electrodes for fuel 

cells" 
XP002097479 

* abstract * 



1,6,9-11 



TECHNICAL FIELDS 
SEARCHED (lnt.a.6) 



EP 0 718 903 A (JAPAN GORE TEX INC) 
26 June 1996 

* column 1, line 17 

* column 7, line 33 

* column 10, line 9 - line 23 * 

* claims 7;8 * 



- line 46 * 

- column 8, line 2 ♦ 



3.5, 
10-16.20 



US 5 284 571 A (VERBRUGGE NARK W) 
8 February 1994 

* column 1, line 33 - line 54 * 



column 2, 
column 2, 
column 4, 
column 5, 
column 6, 



line 16 
line 44 
line 
line 22 
line 41 



35 - 



line 31 
line 46 
line 55 
line 35 
line 55 



1-3,5.6, 
9-12 



13.20 



V- 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



0«l9 of coinpietlon o( tM seaich 

24 March 1999 



Gamez, A 



CATEGORY OF CITED OCXJUMEMTS 

X : particulaily relevant if taken alone 

V ; particularly relevant if comt>ir>ed with another 

document cf the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the Irwention 
E : earlier patent document, but pubKshdd on, or 

after the filing date 
D : docuntent dted in the application 
L : document dted for ottier reasons 



& : member of the same patent family, corresponding 
document 



24 



EP0920065A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 2390 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



atation of document with indication, where appropriate. 
of relevant passages 



Relevant 
todaim 



CLASSlFICATKMi OF THE 
APPUCATWN dMLCHA) 



US 5 294 232 A (SAKAIRI KOICHI ET AL) 
15 Harch 1994 

* column 2, line 68 - column 3, line 4 ♦ 

* column 3, line 22 - line 41 ♦ 

* column 3, line 47 - column 4, line 2 * 

* example 2 * 

US 5 538 585 A (WAKITA SHUHEI ET AL) 
23 July 1996 

* column 1, line 60 - column 2, line 2 * 

* column 2, line 47 - line 56 * 

* column 3, line 13 - line 29 ♦ 

* column 3, line 37 - line 52 * 

* example 1 ♦ 

EP 0 788 174 A (COMMISSARIAT ENERGIE 
ATOMIQUE ;RENAULT (PR); PEUGEOT (FR); 
CITROEN) 6 August 1997 

2. line 6 - line 8 ♦ 
line 29 - line 33 * 
line 52 - column 3, line 13 * 
line 32 - line 41 ♦ 
line 54 - column 4, line 4 ♦ 



1-7.9, 
13,14.18 



21 



1-3,6,22 



1-3,7-9, 
13-15 



column 
column 
column 
column 3, 
column 3, 



2, 
2, 



TECHNICAL RELOS 
SEARCHED <tiit.CLS) 



US 5 084 144 A (REDOY N R K VILANBI 
AL) 28 January 1992 

♦ column 4, line 3 - line 30 ♦ 

♦ column 6, line 54 - line 65 ♦ 

♦ column 7, line 23 - line 34 * 

♦ column 11, line 29 - line 54 ♦ 

♦ column 13, line 1 - line 12 ♦ 

♦ example 1 * 



-/- 



ET 



1-3,6. 
9-12 



The present searcti report has been drawn up tor all claims 



Place of SMich 

THE HAGUE 



Oats ai ooniptetion of &m sootch 

24 March 1999 



Gamez, A 



CATEGORY OF OTED DOCUMENTS 

X : paittcuiafly retovant i taloMi alono 

Y : partlaiafV ratoirant tf combined with another 

document of the same cafeegofy 
A : tech n ological tiecfcQrourxt 
O I non-wntten discloeure 
P : MannBdUrte document 



T : theory or princf>le undertying the Invartion 
E : earner patent document, but p(l>88hed oni or 

alter the fair^d^ 
O : document cited In ttie appficalion 
L : document dted for other reasons 



a : member of ttw same patent family, corresponding 
document 



25 



European Patent 
Office 



EP0920065A1 
EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 2390 





DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPUCATKm (IntCU) 


A 
A 


FR 2 624 885 A (COMMISSARIAT ENERGIE 
ATOMIQUE ;CENTRE NAT RECH SCIENT (FR)) 
23 June 1989 

* page 1, line 8 - line 24 * 

* page 4, line 32 - page 5, line 26 * 

* page 5, line 25 - line 26 * 

* page 9, line 10 - line 15 * 

* page 10, line 9 - line 12 * 

* page 12, line 1 - line 8 * 

* page 12, line 15 - line 30 * 

* examples 1,3,5 ♦ 

US 4 546 010 A (KILLER ERIC ET AL) 
8 October 1985 

* column 2, line 18 - line 46 * 

* column 3, line 3 - line 16 * 


1,2, 

10-12, 

20,22 

10-12, 
16,19,20 


TECMMCALFIBJS 
SEMCHED (klta^ 


The present search report has been drawn up for all claims 


Ptactt of search Oalo o1 comptefon of the seaich Examiner 

THE HAGUE 24 March 1999 Gamez, A 


CATEGORY OF CITED DOCUMENTS T : theory or principto urxlerVing tho inverttion 

E : earlior patent document, but p(i>Sshed on. or 
X : particularly retovantStaton atone aner ttie rding date 
y ipaiUculartyrBtovamtf combined Witt another D : document dted in the applfcaMon 
documeni of the aame category L: document dted tor other leasone 

A : technological background - 

O:non-writlendiscloeupe &:men)berof theeamepoterilamiiy.ooneeponding 
Prmtermedlate document document 



26 



EP0920065A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCATION NO. EP 98 12 2390 



This annex lists the patent famiiy members relating to the patent documents cited in the alx>ve-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is In no way fiabte (or these particulars which are merely given for the purpose of information. 

24-03-1999 



Patent document 
cited in seardt report 


Publication 
date 


Patent family 
membef(s) 


Publication 
date 


EP 0718903 


A 


26-06-1996 


JP 
JP 
JP 


8162132 A 
8329962 A 
8213027 A 


21-06-1996 
13-12-1996 
20-08-1996 


US 5284571 


A 


08-02-1994 


NONE 






US 5294232 


A 


15-03-1994 


JP 


5258755 A 


08-10-1993 


US 5538585 


A 


23-07-1996 


JP 
OE 
IT 


6330367 A 
4417403 A 
1274182 B 


29-11-1994 
24-11-1994 
15-07-1997 


EP 0788174 


A 


06-08-1997 


FR 


2744840 A 


14-08-1997 


US 5084144 


A 


28-01-1992 


EP 
WO 


0603175 A 
9304222 A 


29-06-1994 
04-03-1993 


FR 2624885 


A 


23-06-1989 


NONE 






US 4546010 


A 


08-10-1985 


EP 
JP 
JP 
JP 


0120212 A 
1682698 C 
3049992 B 
59166688 A 


03-10-1984 
31-07-1992 
31-07-1991 
20-09-1984 



II 

9 

ui For more details about this annex : see OfRdal Journal of the European Patent Office. No. 1 2/82 



27 



